A numerical method is used to evaluate External Bremsstrahlung (EB) cross section in compounds such as NaI, SiLi, and GeLi first time using tabulated data given for elements. Modified atomic number defined for compound is used to evaluate cross section. This evaluated theoretical data may be useful for the analysis of experimental spectrum and yield of EB in thick target compounds.
Introduction
When a beta particle passes through the Coulomb field of the target nucleus, it accelerates and emits out external Bremsstrahlung (EB). Accurate theory for EB is developed by Tseng et al. (1977) using the self-consistent coulomb field wave function. A similar approach of Tseng et al. is followed by Seltzer and Berger (1986) to extend it to the field of an atomic electron. Chapman (1967) evaluated the theoretical attenuation coefficient of gamma ray for germanium at different photon energies ranging from 0.05 to 15 MeV based on the attenuation coefficients of five elements tabulated by Grodstein (1957) whose atomic numbers are adjacent to the atomic number of germanium, using the following Lagrange interpolation method as described in detail by Sokolnikoff and Redheffer (1958) :
where z is the atomic number of the element of known attenuation coefficient, X z adjacent to the atomic number Z of the element whose attenuation coefficient x Z is desired and Z are atomic numbers of other elements of known attenuation coefficients adjacent to Z .
The Lagrange interpolation method is general one which can be used not only for attenuation coefficient of gamma ray for elements but also for EB cross section which is evaluated for compounds in the present study.
Classical Kramer's law has been used extensively for the prediction of the Bremsstrahlung intensity (I ) for elements
where E and E 0 are emitted photon energy and incident electron energy, respectively, Z is the atomic number of the target element. Some authors (Ware and Reed, 1973; Reed, 1975; Statham, 1976; Lifshin, 1976; Sherry and Vander Sande, 1977; Statham, 1979; Smith and Reed, 1981; Vander Wood et al., 1983) have reported that this derivation ignores the back scattering of the electron which may in heavy elements eliminates a large fraction of high energy electrons from the target. In order to improve the agreement between the experimental results and the theoretical predictions, various empirical modified versions of Kramer's expression have been proposed (Statham, 1976; Lifshin, 1976; Sherry and Vander Sande, 1977; Smith and Reed, 1981) . For a set of compound samples Vander Wood et al. (1983) found definite discrepancies between the measured Bremsstrahlung intensities and the values predicted via Kramer's law when weighted mean atomic number (Z mean = W i Z i , where W i and Z i are weight fraction and atomic number of ith element, respectively) of the element present in the compound was used as Z in (1). As one possible explanation for these discrepancies, they suggested that Kramer's law may not be adequate description for the Bremsstrahlung radiation emitted by compound samples. Markowicz and VanGriken (1984) proposed a new expression to take into account the self-absorption of Bremsstrahlung and electron back scattering and to obtain the accurate description of the Bremsstrahlung process
Here
A i is mass number of the ith element, f is a function of E 0 , E and composition. For pure elements (3) simplifies to (2). The atomic number Z mod defined for compound is more accurate one than Z mean . The new Markowicz formula derived in a more rigorous way gives theoretical results for composite samples which are in better agreement with experimental values than those predicted by Kramer's law. From the known atomic numbers of elements and measured Bremsstrahlung yields for various elements and compounds, Shivaramu (1990) evaluated the effective atomic number (Z eff ) of the compound from the interpolation method. He reported that Z eff agrees fairly well with Z mod than Z mean . Llovet et al. (2003) and Salvat et al. (2006) developed Monte Carlo algorithm to simulate the Bremsstrahlung emission by electron impact only for elements. However, Salvat has suggested an additivity rule to extend from elements to compounds.
Thorough literature survey reveals that none of the workers have attempted so far to make use of this additivity rule to work out Bremmstrahlung cross section for compounds. Z eq of compound used in additivity rule is based on classical Kramer's law. Hence Z eq may be considered less accurate one than Z mod .
Present work
In the present work, we have evaluated Z mod using Markowicz's equation (4) Seltzer et al. has tabulated the total scaled energy weighted EB cross section for elements. We have converted this into the actual EB cross section for the elements using a factor as suggested by them and then we have evaluated for EB cross section ( Z ) for compounds using the following expression:
where z is the atomic number of the element of known EB cross section, z adjacent to the modified atomic number Z (here Z is treated as Z mod ) of the compound whose EB cross section Z is desired and Z are atomic numbers of other elements of known EB cross section adjacent to Z . Here Eq. (5) 
Results and discussions
The method we have discussed in the present study is a general one and first of its kind which can be extended to any of the compounds. The cross section data given in Tables 1-3 for NaI, SiLi, and GeLi can be used further to evaluate theoretical EB spectrum of thick target compounds which in turn may be used to compare with the measured EB spectrum. As these three compounds are mainly used in detectors to detect radiation, there is a possibility of production of secondary EB in the detector itself whenever beta passes through these detectors. This component is normally neglected while carrying out the regular experiment on measurement of primary EB of same or other compound which are normally kept between beta source and the detector. Hence our data may be useful to apply corrections, in case the theoretical spectrum missmatch with measured one. Our method is an accurate one as this is based on the accurate Lagrange's interpolation method and Markowicz equation and we claim our data is more accurate one as it is obtained from Seltzer et al. data. We find, Salvat's additivity rule for compound is less accurate one than our method as Z eq used there is less accurate than Z mod of our method, for the reason discussed earlier.
The thorough literature survey reveals that Z mod (Z eff or Z mean or Z) is independent of Bremsstrahlung energy. EB cross sectional data given in Tables 1-3 are available only for specified EB photon and electron energies. However, they can be read for all EB photon and electron energies as evident from Figs. 1-3. EB cross section is found to be higher for a compound of higher Z mod for a given EB photon and electron energies and it decreases with increase of EB energy for a given compound and electron energy.
